Haemophilus strains usually identified as Haemophilus influenzae biotype IV belonging to a cryptic genospecies are responsible for genital and neonatal infections. As a first approach to identifying the bacterial factors involved in the pathogenesis of these unusual diseases, we studied the piliation, adherence, and invasion properties of 17 strains assigned to this cryptic genospecies. Twelve strains spontaneously displayed abundant peritrichous piliation, and two strains expressed peritrichous pili after enrichment procedures. For Haemophilus strains responsible for genital, mother-infant, and neonatal infections have been reported with increased frequency in the past 10 years (1, 7, 28) . Urogenital clinical isolates are almost always serologically nontypable (84 to 94%) even in invasive diseases (13, 21, 28) . A particularly high prevalence of Haemophilus influenzae biotype IV has been reported in genital diseases and in motherinfant infections (13, 21, 28) . As recently shown by enzyme electrophoretic analysis and by DNA-DNA hybridization studies, such strains of biotype IV are genetically homogeneous and distantly allied to H. influenzae and H. haemolyticus (16, 20) . In addition, these strains have specific outer membrane protein patterns (21) and express a variant P6 outer membrane protein (15).
Haemophilus strains responsible for genital, mother-infant, and neonatal infections have been reported with increased frequency in the past 10 years (1, 7, 28) . Urogenital clinical isolates are almost always serologically nontypable (84 to 94%) even in invasive diseases (13, 21, 28) . A particularly high prevalence of Haemophilus influenzae biotype IV has been reported in genital diseases and in motherinfant infections (13, 21, 28) . As recently shown by enzyme electrophoretic analysis and by DNA-DNA hybridization studies, such strains of biotype IV are genetically homogeneous and distantly allied to H. influenzae and H. haemolyticus (16, 20) . In addition, these strains have specific outer membrane protein patterns (21) and express a variant P6 outer membrane protein (15) .
Little is known about the pathophysiology of urogenital and neonatal Haemophilus infections. For several gramnegative organisms, pili mediate bacterial adherence to mucosal surfaces, a process that itself mediates tissue colonization and presumedly initiates pathogenesis (4) . The pathogenesis of H. influenzae infections has been studied with strains which had spread from the nasopharynx and were responsible for localized respiratory tract or systemic diseases (25) . Pili have been described on the cell surface of capsular type b and serologically nontypable H. influenzae strains (3, 8, 9, 18, 22, 26, 27) . Most piliated bacteria are able to adhere to oropharyngeal epithelial cells (3, 18, 22, 26, 27) and to human erythrocytes, causing hemagglutination (18, 22, 26, 27) , and mediate enhanced nasopharyngeal colonization of rats and primates (2, 29) .
The objective of this work was to study the adherence and invasion properties of 17 strains belonging to the unusually virulent clone of H. influenzae responsible for genital and * Corresponding author.
neonatal infections and to explore the relationship between piliation and adherence. For these investigations, we developed an in vitro model with tissue culture cells and examined the influence of pili on cell attachment and on hemagglutination.
MATERIALS AND METHODS
Bacterial strains. The anatomic and geographic origins of the 17 strains studied are reported in Table 1 . Isolates have been described previously (16, 21, 28) . Strains were stored at -80°C in Schaedler-vitamin K3 broth (bioMerieux, Marcyl'Etoile, France) with 10% glycerol. For each experiment, aliquots were thawed, grown on chocolate agar plates, and then subcultured in Schaedler-vitamin K3 broth containing 10% globular extract (Sanofi, Vaucresson, France). All cultures were incubated without shaking at 37°C in a 10% C02-90% air atmosphere. The cultures were grown to logarithmic phase in 6 h and to stationary phase in 18 h. The generation time was 60 min in logarithmic phase. The strains were assigned to the newly recognized Haemophilus species by extensive phenotypic and genotypic criteria as described previously (12, 16, 20 bated for 48 h at 37°C in a 5% C02-95% air atmosphere in order to obtain a nonconfluent cell monolayer. Bacterial association test in standard conditions. For the association test, bacterial cells washed once in phosphatebuffered saline, pH 7.2 (PBS; bioMerieux), were added to the cell monolayer previously washed three times in PBS in the proportion of 100 viable bacteria per human cell (infection ratio = 100). The viable bacterial count of the suspension was assessed on chocolate agar. The mixture was incubated for 60 min at 37°C in 5% CO2, and the cells were washed five times in PBS to remove nonadherent bacteria. The cells were fixed with methanol and stained with Giemsa, and associated bacteria were counted by microscopic observation. Haemophilus association to eucaryotic cells was quantified by two parameters: (i) the association index (Al), i.e., the mean number of bacteria associated with one cell, determined by counting the number of bacteria associated with each of 100 cells; and (ii) the percentage of cells bearing at least one associated bacteria (PI). Data were compared strain by strain by unpaired Student's t test. P < 0.05 was chosen as the level of significance for all tests.
For invasion assays, cultured cell monolayers were incubated for 4 h with the bacterial suspension, rinsed in PBS, and incubated for another 2 h with gentamicin (100 ,ug/ml in PBS) in order to kill extracellular bacteria. The monolayers were then washed five times in PBS, treated with trypsin-EDTA (0.05% trypsin, 0.5 mM EDTA) in PBS, and plated onto chocolate agar. Preliminary experiments indicated that 100 ,ug of gentamicin per ml was sufficient to kill at least 99.99% of an inoculum of 108 viable bacteria for each of the 17 strains tested and that trypsin-EDTA had no bactericidal effect. The susceptibility of intracellular bacteria to gentamicin was checked to verify that they were not gentamicinresistant mutants. For enumeration of total viable associated (i.e., intracellular and extracellular) bacteria, the same procedure was followed, replacing gentamicin with antibioticfree PBS. The proportion of intracellular bacteria was expressed as a percentage of the total number of viable associated bacteria. Yersinia pseudotuberculosis IP2775C (23) grown at 28°C was used as a control for invasion assays.
Electron microscopic observations. Bacteria grown to logarithmic phase and to stationary phase were washed three times in saline buffer, settled onto 400-mesh copper grids coated with carbon film, negatively stained with a 1.5% uranyl acetate solution in distilled water, and then examined with a JEOL 1200 EX electron microscope at 80 kV (10) . The presence of pili was scored for each of 15 bacteria in each preparation. Selection of piliated Haemophilus strains. Piliated bacterial cells were selected from predominantly nonpiliated cultures by their ability to bind to human erythrocytes as described by Connor and Loeb (5) . Bacterial isolates binding to erythrocytes were tested for adherence and examined by electron microscopy for the presence of pili.
Hemagglutination assays. The ability of twofold dilutions of bacteria to hemagglutinate O+ human erythrocytes was determined in V-shaped microtiter trays as described by Pichichero (18) . The trays were incubated at room temperature for 1 h, and the highest dilution giving visible hemagglutination was recorded.
RESULTS
Standardization of the association test. The influence of the size of the bacterial inoculum on association was determined for two strains (nonpiliated strain 422 and piliated strain N15) by testing a series of infection ratios (number of bacteria per mammalian cell) from 0.01 to 1,000 (Fig. 1A) . For strain 422, AI values (i.e., the mean number of bacteria associated with one cell) remained lower than 1 and PI values (i.e., the percentage of cells bearing at least one bacteria) remained lower than 15 for all inoculum sizes. For strain N15, PI values remained lower than 1 for infection ratios under 0.1 and then rapidly increased to 85% for infection ratios over 50. The AI showed a similar pattern (data not shown) except that it continued to increase when all cells were infected (PI = 100), until cells were entirely coated with bacteria. When more than 50 bacteria infected one cell, they could not be accurately counted.
The influence of contact time between bacteria and mammalian cells (from 10 to 120 min) on association was tested for the two strains with an infection ratio of 100 (Fig. 1B) . For strain N15, adhesion occurred rapidly, since it was detected 10 min after the addition of bacteria. Al (Fig. 2A) . The second group included five strains showing a low PI (range, 5 to 30) and AI less than 2; these strains were considered to be poorly adherent (Fig. 2B) .
Association to HeLa cells ( Piliation. In the two growth conditions, all highly adherent strains (with PI > 60) expressed abundant peritrichous and flexible piliation that was observed on all bacterial cells by electron microscopy (Fig. 3A) . Strains with PI s 50 did not express pili (Fig. 3B ) except for strain PS11, which was isolated from the urethra of a male whose partner developed salpingitis (Table 1) .
Hemagglutination properties. Similar results were obtained with stationary-and logarithmic-phase bacteria. None of the nonpiliated strains showed hemagglutination properties (HA titers of <1). Among the 12 piliated strains, only 3 showed HA titers of .1/4, while 9 showed HA titers of c1 (Table 1) .
We tried to enhance the production of pili by strains N3, 189, 421, 422, and 427, which were apparently poorly adherent, nonhemagglutinating, and nonpiliated. After five serial passages on human erythrocytes, strains N3 and 189 exhibited peritrichous. piliation (Fig. 3C and D) and increased adhesion activity, while the three other strains remained poorly adherent and nonpiliated (Table 3 ). All variants showed hemagglutination titers of c1. Their pili were less abundant and looked shorter and straighter than those of spontaneously piliated strains.
DISCUSSION
We describe a simple and reproducible method for evaluating the adhesion properties of Haemophilus strains originating from genital and neonatal specimens and belonging to a cryptic genospecies. Models using tissue culture cell lines have already been used with H. influenzae strains (22, 24) . They are easily standardizable and avoid the cell variability and the interference with commensal flora encountered in models using scraped human cells. However, the epithelial cells used may have properties different from those of the normal host.
A large variation in adherence properties of the 17 strains was detected even though these strains belong to a particular and homogeneous group (20) . Most strains (12 of 17) were highly adherent to HeLa cells, colonizing 50 to 100% of cells (a 2-fold difference between strains), with a mean number of bacteria per cell (Al) ranging from 4 to 50 (a 12.5-fold difference). The five poorly adherent strains adhered to 5 to 30% of cells (a sixfold difference), with AI values of 0.3 to 1.5 (a fivefold difference).
In contrast to what has been reported for Salmonella (14) and Haemophilus (18) strains, adhesion was not significantly affected by the growth state for most strains.
There was no clear relationship between the level of adhesion and the type of infection as previously reported for strains from otitis media (3, 19 under our conditions. This finding suggests that pathogenic mechanisms other than cell invasion are necessary for the development of the disease.
We presume that pili play a role in the adherence phenomenon, since all adherent strains expressed peritrichous piliation and nonpiliated strains were less able to adhere. Piliation did not correlate with agglutination of human erythrocytes except for 3 of the 12 piliated strains that showed low HA titers (1/4 to 1/16). For two strains that had probably lost the expression of pili during subculture (a commonly described event), we selected piliated variants exhibiting pili that were less abundant, shorter, and straighter than those of spontaneously piliated strains. Though they were selected by their hemadsorption properties, these variants were still nonhemagglutinating. Possibly, the adherence to erythrocytes was too weak to promote agglutination. This could also explain why five successive enrichment procedures were necessary to obtain piliated variants. It is also possible that the enrichment technique used selected variants exhibiting different types of pili. Biochemical and immunochemical studies will probably clarify this point.
Our results show heterogeneity in the hemagglutination properties of the different strains and contrast with most work on adherence of H. influenzae (6, 8, 9, 26, 27) . As reported for H. parainfluenzae (11) and for some strains of nontypable H. influenzae (3), pili are not always involved in the hemagglutination phenotype. Moreover, pili may mediate adhesion to a particular type of cell and be inactive with other types of cell (22 (24) . Their findings on adherence are thus similar to those that we obtained with our nonpiliated strains.
In summary, most Haemophilus strains studied that originate from genital and neonatal infections and belong to a cryptic genospecies exhibit peritrichous pili as commonly reported for H. parainfluenzae (11) , H. influenzae type b, and nontypable H. influenzae (3, 18) strains. Piliation correlated with adhesion to HeLa cells and to a lesser extent with adhesion to HEp-2 cells. However, piliation did not correlate with either invasion of epithelial cells or hemagglutination of human O+ erythrocytes, although there were three exceptions. Future studies should concentrate on identifying the adhesins of these strains in order to understand better the specific adaptation of these strains to the urogenital tract and their role in the development of the disease.
